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Abstract: We investigated the effects of selective logging disturbances 
on tree diversity and soil characteristics in the Bia Conservation Area in 
southwest Ghana. The study was conducted in unlogged, 29-35 years 
post-logged and swamp forests using ten 25 m x 25 m plots. In total, we 
identified 310 individual trees belonging to 87 species. Mean Shannon- 
Weiner index was highest in the post-logged forest but there were no 
significant differences in tree density, dominance, or DBH size class 
distributions between these forests. Soil physical properties such as pH 
and bulk density up to 30 cm depth were similar in the two of forests In 
terms of soil nutrient status, available P, exchangeable K and total N 
contents were all similar in the unlogged and post-logged forests. Our 
findings suggest that the effects of logging on tree diversity are compara¬ 
tively long-term, in contrast to its short-term effects on some top soil 
physical and chemical characteristics. 

Key words: tropical forest, deforestation, plant diversity, soil properties, 
Ghana 


Project funding: This work was partially funded from by UNESCO MAB 
Young Scientists Awards (Letter of Agreement 4500110156). 

The online version ys available at http://www.springerlink.com 

Alex Asase (S) 

Department of Botany, University of Ghana, P. O. Box LG 55, Legon, 
Ghana. Email: aasase@ug.edu.gh 

Bismark K. Asiatokor 

Environmental Science Programme, University of Ghana, P.O. Box LG 
71, Legon, Ghana. 

Kwasi Ofori-Frimpong 

Cocoa Research Institute of Ghana (CRIG), P. O. Box 8, Tafo -Akim, 
Ghana. 

Corresponding editor: Hu Yanbo 


Introduction 

Most of the remaining forests in West Africa have been logged 
to some degree and about 30% of forests in Central Africa are 
under logging concessions (Laporte et al. 2007). Logging of 
tropical forests is a significant source of revenue generation (van 
Gemerden et al. 2003) in West Africa. It is also a major cause of 
deforestation in the sub-region (Norris et al. 2010). In Ghana, it 
is estimated that over half of the country’s 214 forest reserves, 
enclosing 1.8 million ha forest have been selectively logged 
(Hawthorne and Abu-Juam 1995). The consequences of logging 
often remain visible decades later (Hawthorne et al. 2012). 

The effects of logging on plant diversity have been well 
documented and are highly variable due to differences in harvest 
intensity and logging practice as well as site differences (Kuusi- 
palo et al. 1996; Magnusson et al. 1999; Dickinson et al. 2000; 
Arets 2005; Park et al. 2005). Logging operations also affect soil 
characteristics (Pinard et al. 1996; Hutchings et al. 2002). The 
effects of logging on plant diversity (Hawthorne 1993; Kouamae 
et al. 2004; Swaine and Agyeman 2008; Onyekwelu et al. 2008) 
and soils (Abeberese and Kyereh 2006) are well studied in West 
Africa. However, no studies have addressed the effects of log¬ 
ging disturbances on tree diversity and soil properties. This in¬ 
formation could assist strategic planning and management for 
sustainable timber production and ecological functioning (Haw¬ 
thorne et al. 2012). 

This report informs on the tree diversity and soil characteris¬ 
tics in relation to logging disturbances in a tropical moist forest 
in the Bia Conservation Area in southwest Ghana, West Africa. 
The Bia Conservation Area has an interesting and chequered 
logging history (Anonymous 2001). Previous studies on the ef¬ 
fects of logging on the vegetation in the area include the works 
of Hawthorne (1993) and Oteng-Yeboah (1995). According to 
Hawthorne (1993) most species appeared to be regenerating well 
in the log-damaged areas. The study of Oteng-Yeboah (1995) 
also indicated that despite the previous logging activities in the 
area there was an abundance of timber trees although the most 
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desired timber species such as Entandrophragma spp. and Pipta- 
deniastrum africanum were uncommon (Oteng-Yeboah 1995). 
The objective of this study was to investigate the effects of selec¬ 
tive logging disturbances on tree diversity and soil characteristics 
29-35 years after logging. It was also to compare the tree data in 
the current study with earlier tree data in the study area. 

Materials and methods 

Study area 

The study area in the Bia Conservation Area was located in the 
Bia district, southwest Ghana at latitude 6°32' N to 6°37' N and 
longitude 3°02' W to 3°08' W, and covered 355.6 km 2 . The study 
area is made up of Bia National Park in the northern portion and 
Bia Resource Reserve in the southern portion. The vegetation in 
the study area falls within the moist semi-deciduous and the 
moist evergreen vegetation types of Ghana (Hall and Swaine 
1981). Geologically, the area is made up of Birrimian rocks that 
are largely hidden by a variety of forest ochrosols that are mod¬ 
erately acidic (Hawthorne 1993). Rainfall is bimodal with more 
intense precipitation occurring between May and August, and 
September and October. There is often a dry spell between No¬ 
vember and January. Annual rainfall ranges from 1500 to 1800 
mm. Relative humidity is around 75% in the afternoon and 90% 
at night. Mean monthly temperatures are 24-28°C. Topography 
is generally flat in the study area (Anonymous 2001). 

We sampled two types of forests, unlogged and post-logged in 
October, 2010. The post-logged forests were in logging gaps 
(former clear-cuts) which constitute most of the area affected by 
logging operations in Ghana (Hawthorne et al. 2012). New 
growth was found in the gaps. Timber was harvested 29 to 35 
years earlier under the Ghana selective logging system (Haw¬ 
thorne 1993; Anonymous 2001). We lack pre-logging data for 
the sites reported here as post-logging forest stands. Post-logged 
forests were situated mostly in Bia Resource Reserve and un¬ 
logged forests in Bia National Park. We used satellite imagery 
and field survey to identify the geographic locations of the three 
forest types. 

Methods 

In total, we sampled ten of 25 m x 25 m plots. The plot size fol¬ 
lowed the work of previous studies (van Gemerden et al 2003; 
Asase and Tetteh 2010). The plots were randomly distributed 
within each forest type with five in unlogged forest and five in 
post-logged forest. Within each of the 625 m 2 plots, all trees of 
diameter at breast height (DBH) > 10 cm (1.3 m above ground) 
were individually identified and their DBH measured using a 
diameter tape. Species identification and nomenclature follow 
Hawthorne and Jodgkind (2006). Tree species were classified 
according to their shade tolerance / ecological guilds (Hawthorne 
1995). Pioneers are species for which seedlings need sun to es¬ 
tablish; non-pioneer light demanders (NPLD) are species that 
need gaps to develop beyond the sapling stage; and shade bearer 
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guild consists of species that can persist and grow in understory 
shade at seedling and sapling stage (Hawthorne 1995). 

Soils were sampled to a depth of 30 cm from two randomly se¬ 
lected spots in a 5 m x 5 m subplot demarcated within each 625 
m 2 plot. The soil samples collected from each subplot were thor¬ 
oughly mixed and passed through a 2-mm sieve and then ana¬ 
lyzed. All soil analyses were duplicated and means were calcu¬ 
lated. Soil pH was determined using the distilled water procedure 
measured at a soil solution ratio of 1:1 (McLean 1982). The 
semi-micro Kjeldahl digestion method was used to determine N 
(Bremer 1965). Soil available P was determined using Bray and 
Kurtz method (Bray and Kurt 1945) and exchangeable K was 
estimated using flame photometric methods (Bremer 1965). Soil 
bulk density was determined using the core method (Blake 1965) 
and percentage moisture was determined following Asase et al. 
( 2012 ). 

Data analysis 

Species diversity was evaluated using Shannon-Wiener index 
(Hill 1973). Importance Value Index (IVI) of trees was calcu¬ 
lated as the sum of their relative density, relative frequency and 
relative dominance (Curtis and McIntosh 1950). Student’s t-test 
was used to compare means to detect statistical differences in 
means after testing for normality using the Shapiro.test function 
in R R statistical software (Crawley 2007). The Kolmogorov- 
Sminov test was used to identify differences in DBH-class distri¬ 
butions between forest types. Pearson correlation quantified the 
relationship between tree diversity and soil characteristics. Statis¬ 
tical analyses were executed with R® version 2.7.2. (R Core De¬ 
velopment Team 2009). 

Results 

General tree diversity 

We recorded a total of 310 trees of 87 species. Tree species rich¬ 
ness ranged from 8-26 per plot with a mean of 18.3. Mean den¬ 
sity of trees was 488 and ranged from 160 to 656 trees / ha. The 
most important trees in unlogged forest were Corynthanthe 
pachycera (IVI = 42.2), Baphia nitida (IVI = 20.2) and Celtis 
mildraedii (IVI = 14.7). The most important trees in post-logged 
forest were C. mildraedii (IVI = 20.4), C. pachyceras (IVI = 18.5) 
and Dialium aubrevillei (IVI = 17.0). Information on the 50 most 
abundant species of trees is listed in Appendix 1. 

Tree diversity in relation to forest types 

A total of 144 trees of 60 species were recorded in unlogged 
forest. There were 177 individual trees of 77 species in post- 
logged forest. Species composition varied in terms of shade tol¬ 
erance / ecological guilds (Fig. 1). There were more pioneer 
species in the post-logged forest stands. Mean Shannon-Weiner 
index (p <0.05) was higher for the post-logged forest and varied 
significantly (p <0.05) between forest types (Table 1). Mean 
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number of trees per plot (p >0.05) and basal area per plot (p 
>0.05) were similar in the forest types. The DBH size class dis¬ 
tributions of individual trees in the two types of forests showed 


an inverted J-shape (Fig. 2). Numbers of trees in the different 
DBH size classes were similar across forest types (Kolmogorov- 
Smirnov test,;? >0.05). 


Tables 1. Plant diversity and soil properties (up to 30 cm) in three forest types 


Forest types 

Individual 

trees / ha 

Species 

richness 

per plot 

Shannon- 

Weiner 

index 

Basal area of 

trees 

(m 2 / ha) 

Soil pH 

Soil bulk 

density 

(g/cm 3 ) 

Soil moisture 

(% weight) 

Total N 

(%) 

Available P 

(hg / g) 

Exchangeable 

K (mg'Kg 1 ) 

Unlogged forest 

460.8 ± 84.83 

16.4 ±3.5 

3.3 ±0.2 

25.46 ±6.8 

4.8 ±0.34 

4.2 ±0.21 

75.2 ± 1.4 

0.32 ±0.017 

0.033 ±0.0053 

0.070 ±0.014 

Post-logged forest 

566.4 ±60.8 

20.2 ±2.5 

3.9 ±0.1 

34.56 ±4.8 

5.3 ±0.24 

3.9 ± 0.15 

70.8 ±0.9 

0.44 ± 0.074 

0.039 ±0.0038 

0.083 ±0.0010 
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tween the unlogged and post-logged forest stands was also sig¬ 
nificant (p = 0.023). 

Soil nutrient status in the unlogged and post-logged forest was 
similar. No significant difference (p =0.62) in exchangeable K 
between post-logged and unlogged forest was detected. The dif¬ 
ference in the available P between unlogged and post-logged 
forests was also insignificant (p =0.51). Total N content of soil 
was similar (p >0.05) in the two forest types. 

Correlation analysis revealed significant relationships between 
basal area and soil pH (r = 0.58, p= 0.037), and basal area and 
total N concentration (r = 0.05, p <0.05). However, tree species 
richness, Shannon-Weiner diversity and density of trees were not 
significantly correlated with any of the soil characteristics. 


Fig. 1. Ecological guilds of tree species in forest types. 
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Fig. 2. Comparison of DBH size-class distribution of trees (> 10 cm 
DBH) in forest types. 

Variations in soil characteristics in forest types 

Soil pH ranged from a mean of 4.8 in unlogged forest, to 5.3 for 
post-logged forest (Table 1). The differences in soil pH between 
the forest types were insignificant (p >0.05). Similarly, there was 
no difference in soil bulk density between the forest types (p 
=0.08). The difference in percentage soil moisture content be- 


The Bia Conservation Area is an important conservation site 
surrounded by cocoa farmlands and serving as an international 
biological corridor between Ghana and Cote d’ Ivoire. Notwith¬ 
standing previous logging in the study area, we recorded numer¬ 
ous trees of species including C. mildraedii, S. triplochiton, P. 
angolense and S. glaucescens that are of economic value as tim¬ 
ber). Our results on the general number of species and density of 
trees are very similar to that of Oteng-Yeboah (1995). In his 
study, a total of 364 trees belonging to 63 species were encoun¬ 
tered in ten 25 m x 25 m quadrats similar to the 310 trees of 87 
species recorded in this study. The most common species also 
included Corynthanthe pachycera , and C. mddraedii as recorded 
in this study. 

In an earlier study on forest regeneration after logging in the 
study area, Hawthorne (1993) concluded that there was a sharp 
distinction in the vegetation and tree behavior between the adja¬ 
cent unlogged forest (twilight zone) and areas directly damaged 
by logging operations. The botanical diversity of post-logged 
areas was greater than that of unlogged forest areas. Similarly, 
we recorded the highest tree diversity in post-logged forest areas. 
This result was expected because previous studies in other areas 
have indicated that logging generally leads to an increase in plant 
diversity due to colonization by trees (Swaine and Agyeman 
2008) and weedy plants (Huno and Dang 2000). 

In this study, the abundance of trees belonging to ecological 
guilds differed according to the two type of forest similar to the 
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finding of Hawthorne (1993). For example, pioneer trees were 
rare as small trees in the unlogged forest and more common in 
logged areas while NPLD and shade bearer trees were more 
abundant in unlogged forest areas. The significant difference in 
tree species ecological guild composition of the forest types was, 
however, not surprising because pioneer trees are more common 
in the post-logged forest due to the destruction of the forest can- 
opy. 

Forest structure in terms of tree dominance and DBH class dis¬ 
tribution were similar between the forest types. The study of 
Hawthorne (1993) showed that some trees had attained 5 m 
height 1-2 years after logging although majority of the individu¬ 
als were of lower stature. It is worth noting that the study area 
contains the largest and most impressive trees in Ghana whose 
canopy reaches in excess of 60 m in height (Anonymous 2001). 
In tropical forests, the basal area of trees >10 cm DBH is gener¬ 
ally around 25^15 m 2 per ha (Huston and Wolverton 2009). Our 
forest types were structurally similar but differed in terms of tree 
species diversity and composition. Our study did not, however, 
include skid trails and loading bays which are more drastically 
affected by logging activities than are felling gaps. According to 
Hawthorne (1993) there may be no relationship between the 
composition of a young regenerating forest and the mature crop 
of the future. However based on the above comparisons, our 
findings on tree data from this study are generally very similar 
that of his study conducted about 17 years ago in the study area. 

The soil characteristics in the study are comparable to those 
reported for other tropical forests (Onyekwelu et al. 2008). Soils 
in moist tropical forests are typically poor in nutrients and acidic 
in nature because of leaching by heavy rainfall. Generally, log¬ 
ging leads to compaction of soils (Alongi and de Carvalho 2008) 
and one of the indicators of soil disturbances is increase in bulk 
density from soil compaction (Hendrison 1990). We found no 
significant differences in soil bulk density by forest type, which 
could indicate that soils in the post-logged forest have recovered 
from compaction that might have occurred during logging. Log¬ 
ging can affect soil properties including nutrient loss (Alongi and 
de Carvalho 2008; Adekunle and Olagoke 2010). But we found 
that soil nutrients were similar in both unlogged and post-logged 
forest stands. Tropical rain forests have very efficient litter de¬ 
composition by which nutrient stocks are replenished. After a 
number of years of logging activity in the post-logged forest 
stands the loss of soil nutrients might have been replenished 
through litter decomposition and nutrient cycling. 

This study has shown that selective logging had significant ef¬ 
fects on tree diversity 29-35 years after logging but had no im¬ 
pact on the investigated characteristics of top soils. We recom¬ 
mend that future studies should examine the effects of logging 
disturbances on other soil physical and chemical properties that 
we did not investigate. Logging impacts on soil biodiversity 
should also be investigated to improve our knowledge of the 
consequences of logging on ecosystem function. 
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Appendix 1. Density, frequency, dominance and Importance Value Index (IVI) of the 50 most abundant trees in three forest types in Bia Conservation 
Area, southwest Ghana 


Species 

Density / 
plot 

Unlogged Forest 

% Dominance 

Frequency m / plot 

IVI 

Density / 
plot 

Post-logged Forest 

% Dominance 

Frequency m / plot 

IVI 

Albizia adianthifolia 

3.20 

0.20 

0.09 

2.24 

3.20 

0.20 

0.54 

3.16 

Alstonia boonei 





6.40 

0.40 

0.07 

3.31 

Anthonotha macrophylla 

6.40 

0.40 

0.87 

7.23 





Antiaris toxic aria 

3.20 

0.20 

0.19 

2.63 





Baphia nitida 

57.60 

0.80 

0.78 

20.16 

16.00 

0.60 

0.15 

6.22 

Baphia pubescens 

16.00 

0.40 

0.30 

6.98 





Bombax buonopozense 





3.20 

0.20 

0.03 

1.64 

Buchholzia coriacea 

6.40 

0.20 

0.09 

2.94 

3.20 

0.20 

0.05 

1.70 

Bus sea occidentalis 

6.40 

0.20 

1.03 

6.62 

12.80 

0.40 

1.41 

8.42 

Calpocalyx brevibracteatus 

3.20 

0.20 

0.06 

2.12 

16.00 

0.20 

0.26 

4.56 

Celtis adolfi-friderici 

3.20 

0.20 

0.07 

2.17 

6.40 

0.20 

0.13 

2.49 

Celtis mildbraedii 

32.00 

0.60 

1.11 

14.79 

32.00 

0.60 

3.99 

20.42 

Chrysophyllum subnudum 

6.40 

0.20 

0.47 

4.42 

9.60 

0.40 

0.30 

4.53 

Cola lateritia 





9.60 

0.40 

0.23 

4.34 

Cordia millenii 





3.20 

0.20 

3.44 

11.75 

Corynanthe pachyceras 

64.00 

1.00 

5.71 

42.22 

44.80 

0.80 

2.25 

18.52 

Dialium aubrevillei 

16.00 

0.60 

0.52 

9.09 

44.80 

0.80 

1.75 

17.04 

Diospyros kamerunensis 





12.80 

0.40 

0.27 

5.01 

Discoglypremna caloneura 





32.00 

0.20 

0.39 

7.78 

Duboscia viridiflora 









Entandrophragma angolense 

3.20 

0.20 

0.49 

3.81 

19.20 

0.80 

1.10 

10.56 

Guarea cedrata 

3.20 

0.20 

0.12 

2.37 

6.40 

0.40 

0.28 

3.91 

Hannoa klaineana 

3.20 

0.20 

0.05 

2.08 





Hexalobus crispiflorus 





3.20 

0.20 

0.18 

2.09 

Khaya grandifoliola 





3.20 

0.20 

0.07 

1.76 

Macaranga barteri 

3.20 

0.20 

0.40 

3.45 





Monodora myristica 









Monodora tenuifolia 

9.60 

0.40 

0.13 

4.96 





Myrianthus arboreus 





9.60 

0.20 

0.25 

3.43 

Myrianthus libericus 

9.60 

0.20 

0.21 

4.08 

3.20 

0.20 

0.14 

1.97 

Nauclea diderrichii 

3.20 

0.20 

0.71 

4.68 





Nesogordonia papaverifera 

16.00 

0.80 

1.12 

12.65 

6.40 

0.40 

0.40 

4.26 

Phyllocosmus africanus 

6.40 

0.20 

1.49 

8.47 

16.00 

0.60 

0.48 

7.18 

Piptadeniastrum africanum 

3.20 

0.20 

0.44 

3.64 

3.20 

0.20 

0.19 

2.11 

Pterygota macrocarpa 





6.40 

0.40 

0.88 

5.69 

Pycnanthus angolensis 

9.60 

0.60 

2.16 

14.18 

6.40 

0.20 

1.30 

5.96 

Raphia hookeri 









Ricinodendron heudelotii 

3.20 

0.20 

0.07 

2.17 

3.20 

0.20 

0.05 

1.70 

Sterculia oblonga 

16.00 

1.00 

0.40 

10.99 

3.20 

0.20 

0.08 

1.77 

Sterculia rhinopetala 

9.60 

0.40 

0.83 

7.73 

12.80 

0.40 

0.75 

6.45 

Strombosia glaucescens 

22.40 

0.80 

0.82 

12.82 

35.20 

1.00 

0.37 

12.22 

Terminalia superba 





3.20 

0.20 

0.06 

1.72 

Tetrorchidium didymostemon 

3.20 

0.20 

0.05 

2.09 





Tricalysia discolor 





9.60 

0.60 

0.08 

4.87 

Trichilia monadelpha 

3.20 

0.20 

0.06 

2.14 

9.60 

0.40 

0.22 

4.30 

Trichilia prieuriana 

19.20 

0.40 

0.97 

10.33 

3.20 

0.20 

0.18 

2.09 

Triplochiton scleroxylon 





6.40 

0.40 

0.06 

3.28 

Uvariodendron angustifolium 

9.60 

0.4 

0.11 

4.87 

3.20 

0.20 

0.02 

1.61 

Vitex ferruginea 





3.20 

0.20 

0.03 

1.62 

Xylia evansii 





9.60 

0.40 

0.23 

4.33 

Zanthoxylum gilletii 





28.80 

0.60 

0.08 

8.27 


4^ Springer 







